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© Synthesislng faujasrtes. 



© A zeolite of the faujasite type is prepared by 
maintaining a mixture comprising a metakaolin, a 
source of sodium oxide and water, the molar ratio of 
SiO^O, in the mixture being In the range of from 
2.1:1 to 15:1 and the molar ratio H 2 0:Na,0 in the 
mixture being in the range of from 15:1 to 70:1 „ at a 
temperature and for a period of time sufficient to 
result in the formation of crystalline faujasite, the 
-reaction mixture being agitated substantially continu- 
ously throughout the reaction period. 
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SYNTHESISING FAUJASiTES 



BACKGROUND OF THE INVENTION 

This invention relates to a method of syn- 
thesising zeolites of the faujasite type, for example 
zeolites X and Y, and more particularly is con- 
cerned with a method of synthesising zeolites of 
the faujasite type from metakaolin. 

British Patent Specification No. 777233 de- 
scribes a method for synthesising zeolite X using 
as the reaction mixture a sodium aluminium silicate 
gel prepared by mixing together compounds which 
are sources of oxides of silicon, aluminium and 
sodium with water. The crystallisation of the zeolite 
X is effected without agitation at around 100°C. 

British Patent Specification No. 909266 de- 
scribes the synthesis of zeolite Y from a sodium 
aluminium silicate gel. Again, the formation and 
crystallisation of the zeolite are effected without 
agitation, the reaction mix being sealed in a glass 
reaction vessel and placed In a steam bath at 
100°C. 

British Patent Specification No. 1132096 de- 
scribes a process for producing a crystalline zeolite 
of the faujasite type using metakaolin as the source 
of aluminium oxide and of at least part of the 
silicon oxide. The metakaolin is contacted with an 
aqueous mineral acid so as to increase the silica: 
alumina molar ratio to a value in the range of 6 to 
270, the product is separated by filtration, washed 
and dried, and then fired a second time.The 
metakaolin thus treated is then formed into a reac- 
tion mixture with water and sodium hydroxide, and 
the reaction mixture is then subjected to a two- 
stage process.ln the first stage, the mixture is aged 
at around room temperature for 24 hours with agi- 
tation, and in the second stage the temperature is 
increased to a value in the range of from 75 °C to 
120°C and maintained at this temperature under 
static conditions for 72 hours. 

It has been found that if a sodium aluminium 
silicate gel is stirred during the crystallisation stage 
for any length of time and with any degree of 
vigour the formation of faujasite zeolites is hindered 
and a zeolite known as zeolite P, which is of very 
little commercial value, tends to crystallise instead. 
It has hitherto been thought that the effect of stir- 
ring a reaction mixture comprising metakaolin as a 
source of silica and alumina would be the same as 
that of stirring a sodium aluminium silicate gel. 



SUMMARY OF THE INVENTION 

According to the present invention there is 
provided a method of preparing zeolites of the 

5 faujasite type wherein a mixture comprising a 
metakaolin, a source of sodium oxide and water, 
the molar ratio of Si0 2 :Al 2 0, in the mixture being 
adjusted to lie the range of from 2.1:1 to 15:1 and 
the molar ratio, of H 2 0:Na a O in the mixture being 

70 adjusted to lie in the range of from 1 5:1 to 70:1 , is 
reacted at a temperature and for a period of time 
sufficient to result in the formation of crystalline 
faujasite, and wherein the reaction mixture is agi- 
tated substantially continuously throughout the re- 

75 action period. 

The method of the present invention yields a 
product which is of uniform composition and which 
has a particle size distribution which closely re- 
flects that of the starting metakaolin. In addition, 

20 the method of the invention makes it possible to 
reduce the water content of the reaction mixture for 
preparing faujasites, as compared with previously 
known methods, and thus increase the throughput 
of an existing manufacturing plant. 

25 The metakaolin, which is the product of cal- 
cining kaolinite, AI 2 O 3 .2Si0 2 .2H 2 O, relatively lightly 
so as to drive off the chemically bound water to 
give a product of formula AI 2 0 2 .2Si0 2 , is preferably 
prepared by subjecting kaolin, containing at least 

30 90% by weight of kaolinite, in the form of a pow- 
der, granules or spray-dried microspheres, to a 
temperature in the range of from 550°C to 925°C 
for a time such that the product, on further heating 
to a temperature of 1100° C for 2 hours, shows a 

35 loss in weight of less than 1 %. 

The reaction mixture preferably also comprises 
a previously prepared zeolite initiator, or "seed", 
mixture which comprises sources of the oxides of 
aluminium, silicon and sodium and water in appro- 

40 priate proportions. Conveniently the initiator mixture 
comprises sodium silicate, sodium aluminate. so- 
dium hydroxide and water. The purpose of the 
initiator mixture is to form minute nuclei of the 
desired faujasite which will promote the crystal* 

45 lisation of the faujasite from the main reaction 
mass. Instead of or in addition to adding the zeolite 
initiator mixture, the whole reaction mass can be 
"aged" for a period in the range of from about 5 to 
about 24 hours at a temperature in the range of 

so from 20°C to 55°C, in accordance with the teach- 
ing of British Patent Specification No. 1132096, to 
form the faujasite nuclei in sjju. 
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The molar ratio of SiO,:AI,0 3 in the reaction 
mixture may be adjusted to lie in the desired range 
by adding a source of additional silicon dioxide 
which may be, for example, sodium silicate, silica 
sol or silica gel. Sodium silicate solution is espe- 
cially preferred Alternatively, the reaction mixture 
may contain a metakaolin, the SiOi:AI,0, molar 
ratio of which has been adjusted by treating the 
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metakaolin with an acid to dissolve at least part of 
the aluminium oxide in the manner disclosed in 
British Patent Specification No. 1132096 or in Brit- 
ish Patent Specification No. 2101110. 

The composition of the reaction mixture neces- 
sary to produce zeolite X is similar to that of the 
sodium aluminium silicate gel which is disclosed in 
British Patent Specification No. 777233. Typical 
ranges for the three important molar ratios are as 
follows: 



Si0 2 /Al 2 O 3 
Na 2 0/Al 2 0 3 
H 2 0/Na 2 0 



Molar Ratio 
3 - 8/1 
2 - 4.5/1 
15 - 70/1 



Likewise, the composition of the reaction mix- 
ture necessary to produce zeolite Y is similar to 
that of the sodium aluminium silicate gel which is 
disclosed in British Patent Specification No. 
909266. Typical ranges for the same three molar 
ratios are as follows: 



20 



25 



Si0 2 /Al 2 0 3 
Na 2 0/Al 2 0 3 
H 2 0/Na 2 0 

The molar ratio of H,0/Na,0 should preferably 
be in the range 15-55/1 for both zeolite X and 
zeolite Y. 

The reaction mixture is preferably reacted at a 
temperature in the range of from 75°C to 120°C 
for a period of time in the range of from 10 to 48 
hours. 

The method of the invention, wherein the reac- 
tion mixture consists predominantly of metakaolin 
and is agitated substantially continuously through- 
out the reaction period, has the following advan- 
tages as compared with the known methods: 

1. It is possible to use a reaction mixture 
containing a smaller amount of water than is neces- 
sary when a sodium aluminium silicate gel is used, 
such as is disclosed in British Patent Specifications 
Nos. 777233 and 909266. The throughput of exist- 
ing manufacturing plant can be increased substan- 
tially if the method of the invention is used as 
compared with a method wherein the reaction mix- 
ture comprises a sodium aluminium silicate gel. 



Molar Ratio 
6-10/1 
2 - 4/1 
15 - 70/1 

35 

2. The formation of aggregates during the 
crystallisation step is minimised.The method of the 
invention yields a product the particle size distribu- 
tion of which reflects the particle size distribution of 

40 the metakaolin. It follows that if a faujasite having 
particles of a particular size and shape is required 
for use, for example, in a fixed or fluidised bed, it is 
sufficient to provide a metakaolin which has par- 
ticles of the desired size and shape. Useful 

45 faujasite products may be formed by providing the 
metakaoiin in the form of granules or of spray-dried 
microspheres. 

3. As a consequence of the agitation a uniform 
temperature is maintained throughout the reaction 

so mixture. The crystallisation of the faujasite there- 
fore proceeds uniformly and rapidly with substan- 
tially no variation in composition of the product 
within a particular reaction mixture. 

55 EMBODIMENTS OF THE INVENTION 

The invention is illustrated by the following 
Examples. 
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EXAMPLE 1 

A sample of kaolin clay, having a particle size 
distribution such that 80% by weight consisted of 
particles having an equivalent spherical diameter 
smaller than 2 um, was calcined in a muffle furnace 
at 800 °C for 3 hours to form metakaolin which 
showed a weight loss of less than 1% by weight 
when further calcined at a temperature of 1100°C 
for 2 hours. 

1.67Kg of the metakaolin was then dispersed in 
8.82 Kg of water. 10.1 Kg of a sodium silicate 
solution containing 39.3% by weight of solid so- 
dium silicate having a molar ratio of SiO z :Na 2 0 of 
3*2:1 , and 2.5 Kg of an initiator mixture consisting 
of sodium silicate, sodium aluminate, sodium hy- 
droxide and water, was then added to the aqueous 
supension of metakaolin to give reaction mass with 
the composition: 

9 SiO*:AI,O 3 :2.6Na 2 O:120H a O 

The mixture was charged Into a 20 litre glass 
vessel and heated to 95° C for 16 hours. The mix- 
ture was stirred throughout the reaction by means 
of a paddle stirrer revolving at 60 rpm. The product 
was filtered, washed with water and dried in an 
oven at 95*C. 

X-ray diffraction analysis of the product 
showed rt to be substantially pure zeolite Y with a 
molar ratio of SiO s :AI a Oi of 4.6:1. No zeolite P was 
detected and the product was in the form of an 
unaggregated powder having an average particle 
size of 3um. 

EXAMPLE 2 (COMPARATIVE) 

An aluminosiiicate gel of composition: 

9 SiO,:AI,O,:2.6Na,O:120H,O 

was prepared in accordance with the method dis- 
closed in British Patent Specification No. 909266 
by mixing together 1.23 Kg of sodium aluminate, 
8.535 Kg of water, 5.11 Kg of the same sodium 
silicate solution as was used In Example 1, 5.765 
Kg of "LUDOX HS-40" silica sol and 2.5 Kg of the 
same initiator as was used in Example 1. 

A portion of the aluminosiiicate gel was 
charged into polypropylene pots which were then 
sealed and placed in an oven at 95° C for 16 hours. 
The product was filtered, washed with water and 
dried in an oven at 95°C and was found by x-ray 
diffraction analysis to be substantially pure zeolite 
Y with a molar ratio of SiCV-AW), of 4.9:1. 

A further portion of the same aluminosilcate gel 
was charged into a 20 litre heated glass vessel and 
reacted for 16 hours at 95 °C with constant stirring 
with a paddle stirrer revolving at 60 rpm. The 



product was filtered, washed with water arid dried 
in an oven at 95 °C and was found by X-ray diffrac- 
tion analysis to consist predominantly of zeolite P 
with only 1 0% by weight of zeolite Y present. 

5 These results show that a good quality zeolite 

Y can be prepared from an aluminosiiicate gel in 
accordance with British Patent Specification No. 
909266 provided that the gel is not stirred. If the 
gel is stirred in the manner required by the present 

70 invention the product contains only a very small 
proportion by weight of zeolite Y, the remainder 
consisting of products of little commercial value. 

EXAMPLE 3 (COMPARATIVE) 

75 

The experiment of Example 1 was repeated 
except that the mixture of metakaolin, water, so- 
dium silicate solution and initiator was not stirred 
but instead was charged into polypropylene pots 

20 which were sealed and placed in an oven at 95 °C 
for 16 hours. 

The product was filtered, washed with water, 
and dried in an oven at 95 °C and was found by X- 
ray diffraction analysis to be substantially pure 

25 zeolite Y. However in this case the product was 
severely aggregated and it was necessary to grind 
it before the last traces of the mother liquor could 
be washed away. 

so EXAMPLE 4 

1 .67 Kg of the metakaolin prepared in Example 
1 was dispersed In 4.6 Kg of water. 10.1 Kg of the 
same sodium silicate solution as was used in Ex- 
35 ample 1 and 2.5 Kg of the same initiator mixture 
were then added to the aqueous suspension of 
metakaolin to give a reaction mass with the com- 
position: 

40 9Si0 2 :AI,0 3 :2.6Na a 0:90H 2 0 

The mixture was charged into a 20 litre glass 
vessel and heated to 95°C for 16 hours, the mix- 
ture being stirred throughout the reaction by means 
of a paddle stirrer revolving at 60 rpm. 

45 The product was filtered, washed with water 

and dried in an oven at 95 °C and was found by X- 
ray diffraction analysis to consist of substantially 
pure zeolite Y. 

This example shows that it is possible by the 

so method of the invention to prepare a good quality 
zeolite Y from a reaction mixture containing a rela- 
tively small amount of water as compared with 
prior art methods. 

55 
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EXAMPLE 5 

1.67 Kg of the metakaolin prepared as de- 
scribed in Example 1 was dispersed in 1,433 Kg of 
water. 0.742 Kg of the same sodium silicate solu- 
tion as was used in Example 1 and 2.5 Kg as 
Initiator mixture comprising sodium silicate, sodium 
aluminate, sodium hydroxide and water, were then 
added to the aqueous suspension of metakaolin to 
form a reaction mass with the composition: 

3310.^,0^.3^,0:120^0 

The mixture was charged in a 20 litre glass 
vessel and heated to 95 *C for 16 hours. The mix- 
ture was agitated throughout the reaction by means 
of a paddle stirrer revolving at 95 °C. 

The product was filtered, washed with water 
and dried m an oven at 95 °C and was found by X- 
ray diffraction to be substantially pure zeolite X 
having a molar ratio of SiOtiAIA of 2.2:1 . 

EXAMPLE 6 

A kaoSn clay having a particle size distribution 
such that 96% by weight consisted of particles 
having an equivalent spherical diameter smaller 
than 2um was mixed with sufficient water to form a 
suspension containing 65% by weight of dry kaolin 
and with 0.6% by weight, based on the weight of 
dry kaolin, of a sodium silicate solution containing 
28.1% by weight of solid sodium silicate having a 
molar ratio of SiO,:Na,0 of 3.2:1 as a dispersing 
agent The resultant su pension was spray dried to 
form kaoHng microspheres of average particle di- 
ameter about 65um. These microspheres were cal- 
cined in a muffle furnace at 800 °C for 3 hours to 
produce hard, spherical particles of metakaoling 
having an average particle diameter of about 65um. 

1.67 Kg of the metakaolin microspheres was 
dispersed in 8.82 Kg of water. 10.1 Kg of the same 
sodium silicate solution as was used in Example 1 
and 2.5 Kg of the same initiator mixture were then 
added to the aqueous suspension of metakaolin to 
give a reaction mass with the composition: 

BsiO,^I a 0^2.6Na t O:120H a O 

The mixture was charged into a 20 litre glass 
vessel and heated to 95°C for 16 hours. The mix- 
ture was stirred throughout the reaction by means 
of a paddle stirrer revolving at 60 rpm. The product 
was filtered, washed with water and dried in an 
oven at 95"C and was found to contain 92% by 
weight of zeolite Y having an SiOjiAIA molar ratio 
of 4.9:1. The product was in the form of zeolite 
microspheres of average diameter about 65um and 
was found to be useful as a catalyst and as an 
aosorDerti. 



EXAMPLE 7 

1.0 kg of the metakaolin prepared in Example 1 
was dispersed in a mixture comprising 2.24 kg of 

s water, 4.0 kg of the same sodium silicate solution 
as was used in Example 1 and 0.143 kg of sodium 
hydroxide. The resultant metakaolin-containing mix- 
ture was stirred for 5 minutes and i.5 kg of the 
same initiator mixture .as was used in Example 1 

70 was then added to the aqueous suspension of 
metakaolin to give a reaction mass with the com- 
position: 

7 SiO,Al a O,:2.3!^0:70H,0 

75 

The molar ratio H*0:Na,0 was thus 30:1. 

The mixture was charged into a 20 litre glass 
reaction vessel and heated to 95 °C for 14 hours, 
the mixture being stirred throughout the reaction by 

20 . means of a paddle stirrer rotating at 100 rpm. 

The product obtained was filtered, washed with 
water and dried in an oven at 95°C and was found 
by X-ray diffraction to contain 97% by weight of 
zeolite Y having an SiO,:AJ 2 Oj molar ratio of 4.8:1. 

26 The product was also found to be substantially 
completely free of aggregates but had substantially 
the same particle size distribution a the initial 
metakaolin. 

30 

Claims 

1. A method of preparing a zeolite of the 
taujasite type characterised in that a mixture com- 

35 prising a metakaolin, a source of sodium oxide and 
water, the molar ratio of Si0 2 :Ai 2 0 3 in the mixture 
being adjusted to lie in the range of from 2.1 :1 to 
15:1 and the molar ratio of H»0:Na»0 in the mixture 
being adjusted to be in the range of from 15:1 to 

40 70:1, is maintained at a temperature and for a 
period of time sufficient to result in the formation of 
crystalline faujasite, and in that the reaction mixture 
is agitated substantially continuously throughout 
the reaction period. 

45 2. A method according to Claim 1, charac- 
terised in that the mixture also comprises a pre- 
viously prepared zeolite initiator mixture which 
comprises sources of the oxides of aluminium, 
. silicon and sodium and water in appropriate propor- 

50 tions. 

3. A method according to Claim 1 or 2, charac- 
terised in that the whole reaction mass is "aged" 
for a period in the range of from about 5 hours to 
about 24 hours at a temperature in the range of 
55 from 20°C to 55°C. 
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4. A method according . to Claim 1, 2 or 3, 
characterised in that the reaction mixture is main- 
tained at a temperature in the range of from 75° C 
to 120°C for a period in the range of from 10 hours 
to 48 hours. 5 
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